Received: 9 October Fried cassava chips are largely accepted in Cameroon but their quality is not consistent. This study investigated the appropriate cassava varieties and soaking regime for processing good quality fried cassava chips. Fried chips were processed from four cassava varieties (0110, 8034, 92/0326, makumba) using four soaking regimes which were: unpeeled roots, soaked for 72 h, peeled roots, soaked for 24 h, peeled roots, soaked for 14 h and peeled sliced roots, soaked for 24 h. The proximate composition, physical characteristic and sensory test were done to evaluate the quality of fried chips obtained. Fried chips processed from variety 0110 presented the highest carbohydrate (77.94±0.34 %) and the lowest moisture (1.75±0.22 %) and fat content (15.11±0.30 %). The variety 8034 showed higher level of Ca, K, and Fe than other varieties. Variety 0110 was more salty, crispy and crumbly with higher global quality. Fried cassava chips processed from peeled soaked roots for 24 h scored the highest global quality as compared to other soaking regimes. Therefore, cassava varieties and soaking regimes influence the quality of fried chips. Socio-economic studies are warranted before largescale dissemination of results to users.
the technology is widely applicable in local marketing with the production of plantain, potato and cassava chips.
Chips are handy and light, usually seasoned with salt including other flavorings and can be eaten between regular meals (Lusas, 2001) . These products are obtained by cutting the raw material into slices or parallelepipeds of few millimeters thick, then frying them in vegetable or palm oil for a few minutes at high temperature. Fried foods have desirable flavor, color, and crispy texture, which makes deep-fat fried foods very attractive to consumers (Boskou et al., 2006) .
Several improved cassava varieties have been developed and introduced by the Institute of Agricultural
Research for Development (IRAD) and the International Institute for Tropical Agriculture (IITA). These varieties possess characteristics such as short cycled, disease tolerance and resistance, high-yielding and multipurpose. Some of these varieties such as 8034, 8017, 8061, 92/0326 and 96/1414 are suitable for processing into locally consumed products (bobolo, gari, fufu) including fried chips and starch which is useful in the brewery and pharmaceutical industries.
Considering that fried chips is one of the innovative products developed by research in Cameroon, fried cassava chips is greatly appreciated by consumers and is increasingly gaining space in their eating habits. However, local processors do not always master or practice the best processing methods. In addition, it is likely that cassava varieties may differ in the quality of processed chips. The purpose of the present study was to determine the likely suitable cassava variety and establish the most appropriate soaking regime for processing cassava chips.
MATERIAL AND METHODS

Plant Material
Three improved white fleshed cassava varieties namely 0110, 8034, 92/0326 and a local red variety called makumba were used. All the four varieties had sweet cassava roots and were harvested at about 15 months after planting. The frying ingredients were vegetable oil and salt.
Methods
Production of Cassava Chips
The processing of cassava roots into fried chips was done at the food technology laboratory of the Institute of Agricultural Research for Development (IRAD) Nkolbisson. Four different soaking regimes were evaluated. Fried cassava chips were processed from each variety and each soaking regime separately. The different soaking regimes used described included;
Unpeeled Soaked Roots for 72 H (SUP-72H)
Unpeeled cassava roots(300 g) of each variety were washed with clean water and soaked in a basin for 3 days.
After the soaking period, the roots were peeled and cut into thin slices of 2 mm. The sliced roots (chips) were thereafter soaked in a salty solution (20 g of salt /l of water) for 5 minutes.
Peeled Soaked Roots for 24 H (SPR -24H)
Cassava roots(300 g) of each variety were washed with clean water and peeled before soaking for 24 H. After the soaking period, the roots were peeled and cut into thin slices of 2 mm. Then, the sliced roots (chips) were soaked in a salty solution (20 g of salt /l of water) for 5 minutes.
Peeled Soaked Roots for 14H (SPR -14H)
Cassava roots(300 g) of each variety were washed and peeled before soaking in water for 14 H. After the soaking period, the roots were cut into thin 2mm slices. The slices (chips) were later soaked into a salt solution (20 g of salt /l of water) for 5 minutes.
Peeled Sliced Roots Soaked for 24 H (SPRS -24H)
Cassava roots (300 g) of each variety were washed, peeled and cut into thin slices of 2 mm before soaking in a basin of water for 24 H. The sliced roots (chips) were soaked in a salt solution (20 g of salt /l of water) for 5 minutes.
Frying of Soaked Cassava Chips
Cassava chips were fried at 170 °C in a fryer for 6 minutes. Fried cassava chips were left to cool down and packaging was done thereafter.
Sensory Analysis
A sensory test was conducted in the Food Technology laboratory of IRAD. Sensory quality characteristics evaluated were; aroma intensity, basic taste (sweet, salty, bitter), texture (crispy, buttery, crumbly,) and overall quality. A trained panel of 12testers (4 men and 8 women) used a six-point rating scale ('0= absent' to '5 = very high') to evaluate the intensity of basic taste, aroma and texture). A six-point scale was also used to evaluate the overall quality of the cassava chips with '0 = very bad' to '5 = excellent'.
Physical Analysis
The hardness and crispness of cassava fried chips were determined by texture analyzer (brook field lfra). The parameters (CIE L*, a*, and b* color space) of surface color were measured by color Reader analyzer (Color reader CR-10‚MADE IN JAPAN). The average value of the three measurements was recorded. Color readings were displayed as L* a* b* values where L* represents the lightness/darkness dimension. The positive and negative a* values indicate redness and greenness, respectively, and b*indicates yellowness for a positive value and blueness for a negative value. White calibration plate was used to standardize the equipment prior to color measurements.
Chemical Analysis of Fried Cassava Chips
Moisture content was determined by the gravimetric method (Künsch et al., 1999) . While lipid extraction was performed using Avanti Soxtec with petroleum ether as the solvent (Anon, 1990) . Total nitrogen was determined by the Kjeldahl method using 6.25 as the total protein nitrogen conversion factor. Carbohydrate content was determined by calculation using the difference method and dietary fiber was determined by A.O.A.C (1970) . Mineral content (P, K, Ca, Zn, Mg, Na, Cu, Fe, Mn, Zn, Al) was determined by atomic absorption spectrophotometer (Varian Vista, Victoria, Autralie).
Statistical Analysis
Data was subjected to Statistical Analysis of Variance (ANOVA) at 5 % level. The means were separated using Duncan Multiple Range Test procedure. The analysis was done using SAS software version 9.1. (2005).
RESULTS AND DISCUSSION
Sensory Evaluation of Fried Cassava Chips
The acceptability of fried cassava chips differed significantly with varieties and soaking regimes. The cassava variety 0110 presented the highest global quality when soaked using all the four soaking regimes (Data partially presented on Fig.1 and Fig. 2 ). The components score of sensory attributes like salty, crispy, crumbly were higher for 0110 variety than others. These results indicate that the variety 0110 was the most appropriate compared to 8034, 92/0326, Makumba varieties to produce chips ( Fig. 1 and Fig. 2) . 
Physical Properties of fried Cassava Chips
Color is considered to be the most representative indicator of quality in fried chips (García-Segovia et al., 2016) .
The color attribute (L* a* b*) and texture parameters of fried cassava chips are presented in Table 1 . Fried chips from the cassava varieties were different (p<0.05) with respect to L* and b* for the color. Chips from cassava variety 0110 had a deeper golden color as compared to those of the other varieties. The color of fried chips may be affected by the chemical composition of the raw cassava roots, which determines processing capability (Lisinska and Leszczynski, 1989) . Fried cassava chips as a result found in the markets are usually of deep golden color.
Consequently, this characteristic appears to be a significant attribute of fried products and is decisive in determining consumer acceptance (Krokida et al., 2001 ).
The hardness and crispiness of fried cassava chips differed with varieties. The highest breaking force was observed with 92/0326 variety. The high breaking could result from the rapid moisture loss on the surface of its fried chips as compare to that of the other varieties (Oyedeji et al., 2017) . Crispiness is a unique characteristic and an important parameter to be controlled in deep-fat fried products (Predreschi and Moyano, 2005; Thanatuksorn et al., 2007) . Local cassava variety Makumba fried chips presented the highest crispiness. This could be attributed to the relatively low moisture content of the cassava roots of this variety. However, the quantity of water content in the raw material influences the crispiness of the chips (Lisinska and Leszczynski, 1989 The color (L* a* b*) and texture attributes of fried chips from the cassava variety 0110 obtained from the four soaking regimes (Table 2) , were different (p<0.05) with respect to their color and texture.
Likewise for the global quality, chips of variety 0110 produced after peeling and soaking the roots for 24 h had a deeper golden color of which is much more appreciated by consumers. Results obtained from this study shows clearly that the more the soaking duration of cassava roots, the more the deeper golden colored are the fried chips obtained. During soaking, there is a tendency for an increase in food nutrients like proteins and carbohydrate (ElAdawy et al., 2000) . Furthermore, the maillard reaction takes in to consideration the level of proteins and carbohydrates leading to a deeper golden color after frying. In the course of this study, fried cassava chips from SPR-24H had a deeper golden color compared to chips from SPS-14H, indicating that the soaking duration of cassava roots influences the color of fried cassava chips.
In addition, the peeled soaked roots for 24 h produced the most crispy fried chips. These results may be attributed to the duration of fermentation of the cassava roots. 
Physico-Chemical Composition of Fried Cassava Chips
The physicochemical characteristics of fried cassava chips obtained from the different varieties using peeled soaked roots for 24 h are presented in Table 3 content of fried cassava chips is advantageous given that it will permit better storage conditions. Though water content (moisture) tends to evaporate as soon as the raw material gets in contact with the hot frying oil (Yodkraisri and Bhat, 2012) .
The carbohydrate content of the fried cassava chips from the four varieties were significantly different (p<0.05) with the least for variety 92/0326 (58.60±1.45) and highest for variety 0110 (77.94±0.34%). The high carbohydrate content of fried cassava chips reflected that of raw cassava roots, for which carbohydrate is the main component.
Cassava root contain about 80 % of starch (Purseglove, 1991) . The lipid content ranged from 15.11±0.30 % (0110 variety) to 32.43±0.32 % (variety 92/0326). The fat content of cassava root generally range from 0.1 % to 0.3 % (Montagnac et al., 2009) . The high value in fat in the fried chips may be due to the addition of vegetal oil during the frying process. It is important to note that oil content in a product can depend on the frying temperature, frying time, as well as its moisture content (Moreira et al., 1997; Sharma et al., 2000; Yagua and Moreira, 2011 (Nassar and Costa, 1978; Nassar and Dorea, 1982; Yeoh and Truong, 1996; Charles et al., 2005; Ceballos et al., 2006; Sankaran et al., 2008; Li et al., 2012) . The total fiber contents of fried cassava chips ranged from 2.2±0.11 (variety 0110) to 3.37±0.26 % (variety 8034). Fried chips from the variety 8034 had the highest fiber content owing to its high root fiber content. 
Mineral Composition of Fried Cassava Chips
The mineral composition of fried chips presented in Table 4 showed some significantly differences (p < 0.05) in mineral content for the four cassava varieties peeled and soaked for 24 h (SPR -24H). Generally, the mineral content was higher in fried chips of the cassava variety 8034. This was the case for Ca, K, Cu and Fe. In contrast to the fried chips from local cassava variety‛‛makumba'' which presented the lowest mineral content, although the level of k and Cu were higher compared to that of the other varieties. The cassava variety 8034 is an improved variety currently on promotion by IRAD and other projects in Cameroon. This variety was selected because of its high yield, diseases tolerance, appreciable mineral composition and adaptability to multiple uses. 
